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REMARKS 

Further and favorable reconsideration is respectflilly requested in view of the foregoing 
amendments and the following remarks. 

Claims 2, 4 and 6-9 were pending when examined. By this amendment, claims 2, 6, 8 
and 9 are amended, and claims 4 and 7 are cancelled. 

Claim 2 is amended to recite "A fuUerene derivative fine wire composed of acicular 
crystal of a diethyl ester malonate derivative of Cm and fuUerene Ceo, wherein the acicular 
crystal is monocrystalline". Support for the amendments to claim 2 can be found on page 3, 
lines 10-14 and page 6, lines 5-6 of the specification. 

Claim 6 is amended to recite "acicular crystal of a diethyl ester malonate derivative of 
Ceo and fiiUerene Ceo", and to correspond with the amendments to claim 2. Support for the 
amendments can be found on page 3, line 18 - page 4, line 3 of the specification. 

Claims 8 and 9 are amended to depend only fi-om claim 6, because claim 7 is cancelled. 
I. Claim Rejections Under 35 U.S.C. S 103 

A. Miyazawa '143, Beck et al. and Electron Microscopy 

The Examiner rejects claims 2, 4 and 6-9 under 35 U.S.C. § 103(a) as being unpatentable 
over Miyazawa et al. (U.S. 2002/0192143) ("Miyazawa '143") in view of Beck et al., and further 
in view of Miyazawa, Masuno and Suga (Electron Microscopy). As applied to the amended 
claims, Applicants respectfully traverse the rejection. 

Miyazawa '143 discloses a method of making iodine-doped Ceo nano-whiskers by adding 
a solution of iodine/isopropyl alcohol to a solution of Ceo in toluene (see paragraphs [0262]- 
[0266]). The Examiner applies the Beck et al. reference for disclosing that fiiUerene Ceo forms a 
weak molecular complex with iodine (see Office Action, page 4, paragraph 2). 

The Examiner acknowledges that Miyazawa ' 143 does not specifically teach the fuUerene 
derivative recited claim 1 [Claim 1 had been cancelled, and Applicants presume the Examiner 
was referring to a diethyl ester malonate derivative of Ceo, as recited in claim 2]. However, the 
Examiner asserts that the Electron Microscopy reference discloses a similar derivitizing process 
to make single crystal fuUerene nano-whiskers of Ceo and malonic acid diethyl ester derivative, 
and that it would have been obvious to make single crystal fuUerene nano-whiskers of Ceo of 
malonic acid diethyl ester derivative, because the resulting derivatives have smooth surfaces and 
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conduct high resolution (see Office Action, page 4, paragraphs 3-5). AppUcants respectfully 

disagree. 

Although Electron Microscopy discloses single crystal fuUerene nano-whiskers of a Ceo 
malonic acid diethyl ester derivate, one of ordinary skill in the art would not have been 
motivated to combine the teachings of references. Regarding CeO nano-vi^hiskers, holes are 
formed along the growth axis of Ceo nano-whiskers (see Fig.6 of Jvin-ichi Minato and Kun-ichi 
Miyazawa, "Solvated structure of Ceo nanowhiskers", Carbon, 43 [14] (2005) 2837-2841, copy 
enclosed). The holes have a diameter at the same level as those of Ceo molecules. 

It is considered by those of ordinary skill in the art that iodine-doped Ceo nano-whiskers 
are formed by idonine entering the hole of the Ceo nano-whiskers. However, a diethyl ester 
malonate derivative of Ceo caimot fit into the hole of the Ceo nano-whiskers, because they are 
much bigger than the Ceo molecule. 

Therefore, it would not have been predictable from the combination of Miyazawa '143, 
Beck et al. and Electron Microscopy to arrive at the fiillerene derivative fine wire composed of 
acicular crystal of a diethyl ester malonaic dcri\ aii\ c of Ceo and fullerene Ceo, wherein the 
acicular crystal is monocrystalline, and a manufacturing method of acicular crystal of a diethyl 
ester malonate derivative of Ceo and fiillerene Ceo, as recited in claims 2 and 6. 

Accordingly, claims 2 and 6 would not have been obvious over the references. 

Claims 8 and 9 depend from claim 6, and thus also would not have been obvious over the 
references. 

B. Miyazawa '143, Beck et al. and Guldi et al. 

The Examiner rejects claims 2, 4 and 6-9 under 35 U.S.C. § 103(a) as being unpatentable 
over Miyazawa ' 143 and Beck et al., and further in view of Guldi et al. 

The Examiner states that "Miyazawa ' 143 does not specifically teach the fullerene 
derivative as per applicant claim 2 " (see Office Action, page 6, paragraph 1). 

However, the Examiner applies the Guldi et al. reference for teaching fiillerene 
derivatives, such as "N-methodfiiUerpyrrolidine" (Applicants presume the Examiner intended 
"N-methyl-pyrrolidine") (see Office Action, page 6, paragraph 2). 

Claim 2 is amended to delete "N-methyl-pyrrolidine", rendering the rejection of claim 2 

moot. 
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Claim 6 is amended to "acicular crystal of a diethyl ester malonate derivative of Ceo and 
fuUerene Ceo". As acknowledged by the Examiner, Miyazawa ' 143 does not specifically teach 
"a diethyl ester malonate derivative of Ceo". The Beck et al. and Guldi et al. references do not 
remedy this deficiency. Therefore, claim 6 would not have been obvious over Miyazawa ' 143 
and Beck et al. and fiirther in view of Guldi et al. 

Claims 8 and 9 depend from claim 6, and thus also would not have been obvious over the 
references. 
II. Conclusion 

For these reasons, Applicants take the position that the presently claimed invention is 
clearly patentable over the applied references. 

Therefore, in view of the foregoing amendments and remarks, it is submitted that the 
rejections set forth by the Examiner have been overcome, and that the application is in condition 
for allowance. Such allowance is solicited. 

RespectfijUy submitted, 
Kun'ichi MIYAZAWA et al. 

/Andrew B. 
By Freistein/ 



Andrew B. Freistein 
Registration No. 52,917 

ABF/rgf Attorney for Applicants 

Washington, D.C. 20005-1503 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
December 8, 2009 

Enclosure: Jun-ichi Minato and Kun-ichi Miyazawa, "Solvated structure of Ceo nanowhiskers", 
Carbon, 43 [14] (2005) 2837-2841. 
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Abstract 

This work characterizes the structure of Cgo nanowhiskers prepared by the liquid-Hquid interfacial precipitation rnethodiiiiil5 

iiiiiiiiiiiiiiiiiiiiiii;!^ 

that the nanowhiskers had a hexagonal structure with cell dimensioiis a = 2.407 nm and c = 1.018 ma which is different from 

to fee stractare after solvent evaporation. The Ceo nanowhiskers prepared using toluene as solvent also showed a similar solvated 
structure, and a more rapid structural change into fee upon drying was again observed. 
© 2005 HIscvicr Ltd. All rights reserved. 
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1. Introduction 

Crystalline fullerene solids precipitated from solu- 
tions sometimes show unexpected morphologies differ- 
ent from the ordinary face-centered cubic (fee) packing 
of fullerene molecules [1,2], which may be attributed to 
the presence of solvent molecules between fullerene mol- 
ecules. When isopropyl alcohol (IP A), which is known 
as a poor solvent of fullerenes, was gently added to a tol- 
uene solution saturated with Ceo, needlelike or fibrous 
crystals were precipitated at the interface between the 
solutions [3]. Since their diameter was in the submicron 
range, they have been referred to as Ceo nanowhiskers 
and the preparation method have been referred to as li- 
quid-liquid interfacial precipitation (LLIP) method. To 
date, the LLIP method has been successfully used to 
fabricate fullerene nanowhiskers from Cgo [3], C70 [4,5] 
and Ceo derivatives [6,71. The structure of the fullerene 
nanowhiskers have been understood based on the fee 
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Structure. The whisker axis (growth axis) is parallel to 
one of the closest-packed directions of Ceo molectiles, 
i.e. (1 10) in the fee struclurc. Since Ihe intermolecular 
distance was observed to be shortened along this direc- 
tion, a model was proposed where the '2 + 2' cycloaddi- 
tion was assumed [3]. 

Most of the previous characterizations of the fuller- 
ene nanowhiskers were carried out on dried specimens 
[3 10] . However, fullerene molecules should be solvated 
when they are in true solution. It is known that many 
kinds of solvent form the structures of soHd solvates 
with fullerenes [11-13] including toluene and m-xylene 
which are used in the LLIP method [91. In addition, 
some of those solvated structures, depending on the 
kinds of solvent, have been shown to change into the 
fee structure by the evaporation of solvent molecules 
in air [1 2,13]. It is thus expected that the fullerene nano- 
whiskers also have solvated structures when they are 
first precipitated from the liquid phase. However, few 
studies have examined the structure changes during dry- 
ing of fullerene nanowhiskers from the LLIP method. In 
the present study, the Ceo nanowhiskers were prepared 
by the LLIP method using m-xylene and toluene as 
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solvents. Characterizations by Fourier-transform infra- 
red (FTIR) spectroscopy, transmission electron micro- 
scope (TEM) observation, and X-ray diffraction 
(XRD) measurement confirmed the solvated structure 
and the structural change in air for both of the speci- 
mens. The results were compared with the previous 
observations. 



2. Experimental 

The Cgo nanowhiskers were prepared by the liquid- 
liquid interfacial precipitation method using wt-xylene 
(or toluene) as solvent [9]. A typical procedure is as fol- 
lows. Five milliliters of Ht-xylene (or toluene) solution 
saturated with Cgo was put into a glass bottle and then 
5 mL of IPA was gently added. The bottles were capped 
and kept at a temperature lower than 21 °C for more 
than one month before the characterization. 

Morphological observations were performed using an 
ordinary optical microscope and a TEM (JEOL, JEM- 
2000EX). The specimens in the glass bottles were 
mounted on slide glasses or onto copper microgrids with 
carbon film using a pipette. Infrared spectroscopy was 
performed for the C(,o nanowhiskers and the pristine 
Ceo powder with KBr using a FTIR apparatus (Valor 
III, JASCO, Tokyo, Japan). XRD spectra were obtained 
using an X-ray diffractometer (RIGAKU, RINT2000 
Tokyo, Japan) with CuKa radiation. 



3. Results and discussion 

Fig. 1 shows an optical micrograph of the solid pre- 
cipitates obtained by the liquid-liquid interfacial preci- 
pitation method in the Ceo-saturated m-xylene and 



IPA system. As shown in the image the precipitates were 
submicron in diameter and reached several tens of 
micrometers in length, i.e. nanowhiskers. 

Fig. 2(a)-(c) shows FTIR spectra taken for the pris- 
tine Ceo powder, the nanowhiskers grown in the Ceo-sat- 
urated m-xylene and IPA system, and m-xylene, 
respectively. The spectra of Fig. 2(a) and (b) showed 
sharp absorption peaks characteristic of Ceo (527, 576, 
1182, and 1428 cm"^), indicating that the specimens 
were composed of Ceo molecules. However, the broad 
bands at 690 and 767 cm" ^ indicated by circles in the 
spectrum of Fig. 2(b) suggest the presence of m-xylene 
molecules (Fig. 2(c)) trapped in the structure. 

Fig. 3 shows a TEM image of a typical Ceo nanowhis- 
ker grown in the Ceo-saturated m-xylene and IPA sys- 
tem. Under TEM the Ceo nanowhiskers were loosely 
curved by the contact with the carbon film support, indi- 
cating a similar flexibility as reported for the Ceo nano- 
whiskers prepared using toluene as solvent [5]. However, 
the selected area electron diffraction patterns (SAEDPs) 
usually showed no coincidence with the fcc-based struc- 
ture. Fig. 4(a) is an example of SAEDPs taken for the 
enclosed part of Fig. 3. The pattern resembles to that re- 
ported for the iodine-doped Ceo whiskers [10] rather 
than to those for the Ceo nanowhiskers [3] or the Ceo 
nanotubcs [14]. The SAEDPs taken with rotations 
around the growth axis consistently indicated that the 
lattice planes with a J-spacing close to 1 nm exist normal 
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xylene and isopropyl alcohol system. 



Fig. 2. FTIR spectra for (a) pristine Ceo, (b) Ceo nanowhiskers grown 
in the Cso-saturated m-xylene and isopropyl alcohol system, and 
(c) m-xylene. 
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Fig. 3. Transmission electron microscope image of a Cgo nanowhisker 
grown in the Cf,o-saturated m-xylene and isopropyl alcohol system. 

to the growth axis (1- sg. 4(b) (d)). By assuming a hexag- 
onal symmetry, all the patterns were indexed with the 
direetion [()()!] parallel to the growth axis. The ratio 
of the unit eell dimensions (a/c) was estimated to be 
2.35. It is noted that the ()()() 1 dilTraclion spots observed 
in the SAEDPs of Fig. 4(a), (c), and (d) disappeared 
when the specimen was rotated around [00 1] as shown 
in Fig. 4(b). This indicates the 000 1 spots were caused 
by the double diffraction, suggesting the 63 symmetry 
axis along [001]. 

'I'o confirm whether the observed structure of the Cgo 
nanowhiskers was solvated or not, the time dependence 
of XRD pattern was studied. For the measurement, the 
specimens were directly mounted on a glass sample 
holder immediately after the sampling from the glass 
bottles to observe the structural change during the dry- 
ing process. The XRD pattern taken 29min after the 
sampling from the glass bottles showed sharp peaks 



(Fig. 5(a)). These peaks gradually became smaller and 
relaliveK broad peaks appeared (lig. 5(b)). i he former 
peaks were observed for up to 301 min: the latter peaks 
were at the similar positions as those for the pristine C(,() 
{Fi^v. .1(c)) and indexed by a fee system with the cell 
dimension a - !,423nm. ihis indicates that the struc- 
ture was changed into fee. from a solvated structure 
by liie evaporation of solvent molecules in air. fhe pat- 
tern of h'ig, 5(a) were dilTercnt from that observed for 
the solvated structure of Q,,, nanotubas [14] and indexed 
by a hexagonal system with ceil ^tmensians 
2.407 tuT) and r — 1 .0 nifl {a/c — 2..3% which was con- 
^islcnl \^ilh the ThM observation. 

A possible crystal structure suggested from the TEM 
and XRD results for the solvated structures of the Ceo 
nanowhiskers is drawn in r ig. 6. In the figure, the fuUer- 
ene molecules arc represented as the spheres contacting 
with each other. Between the fullerene molecules lie the 
large channels along the c axis that can contain the sol- 
vent molecules. The packing structure may have symme- 
try as high as P6i./m if the positions of solvent molecules 
were not taken into account. This structure resembles to 
thiU reported by Kamm el iiL ili] for the bulk crystals 
obtained through a slow evaporation of m-xylene and 
a mixture of carboadisulfide/;?-/m-xylene solutions of 
Ceo (space group M3, fit 2.3€94(4J jsik aad ^ = 





Fig. 4. Selected area electron diffraction pattern of the nanowhisker taken for the enclosed part of Fig. 2 rotated by (a) 0° (b) 20.4° (c) 30.3° and 
(d) 55.7° around the growth axis, respectively; the incident beam directions are [100], [2l0], [110], and [OlO], respectively. 
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Fig. 5. X-ray diffraction pattciiis ol C,,„ luuiovvhiskets ;gEown;:iTi;:the: 
Cis>'Sa(ia'»£«d w^xyknc and iwpropvi atuihol system at fa) 29imii.diid 
(b) 301 ifiia after saiaptutg Ham. tlie glass bottie \s) X-ray diflraction 
pattern for pristine Cjo- The peaks indicated by open circles cor- 
respond to the fee structure of Cgo- 




Hig. (). Model for the hexagonal structure of solvated C«) nano- 

whiskers. 



t .0046(2) nm at 100 K), Confirmation was thus made by 
the additional XRD measurement for the prismatic 



crystals of Cm l^cpt al 10 '^C in Ihc C„o-saUit alcd 

liilllililillllillii^^ 

served ibr the presenl Cf,i) nanowhi.skcrs e.xccpl for ihc 
stronger peak intensities of those reflections with I ^ Q 
and broadening of each peak. 

We also confirmed the similar structure and the struc- 
tural change in air for the Ceo nanowhiskers prepared 
using toluene as solvent, but the change was more rapid. 
The XRD pattern taken 29 min after the sampling from 
the glass bottles already had the peaks corresponding to 
the fee structure (Fig. 7(a)). However, the other peaks 
than those for fee were in the same positions as those 
observed for the Ceo nanowhiskers prepared using 
m-xylene (Fig. .5(a)). These peaks were indexed by a hex- 

■iiliiiillliiiii;^ 

i^iiiiiiiiiiiiiiiiiiii structural change was completed 
within 69 min into fee structure with a cell dimension 
rt= L420nm (Fig. 7(b)). The value was close to that 
for the pristine Ceo (a =1.415 nm. Fig. 7(c)). ;ilie;:;:diiessi 
cni speed of the slruclura! change between the Ceo nano- 
\v!i!Kker>; grown in the Ceo-saluratcd /fi-xylene and IPA 
system and those grown in the Ceo-saluraied toluene 
;3iid IPA system may be rclalcd lo ihc vapor pressure 
difference between m-xylene and lolucnc. 

It is remarkable that both structures before and after 
drying have a closest-packed direction of Ceo molecules 
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Fig. 7. X-rav diffraction patterns of Cgo nanowhiskers grown in the 
C,„-i».ituiated toiitene and isopiopyl alcohol system at (a) 29 min and 
(b| 69 mm alter sampling Irom the glass bottle, (c) X-ray diffraction 
pattern lor prrslrnc (,«). The peaks indicated by open circles 
correspond to the fee structure of Ceo- 
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parallel to the growth axes. This suggests that such a 
closest-packed chain act as a fixed structural unit during 
the transformation. When solvent molecules are ex- 
tracted from tiie ciianneis of tiie soivatcd straclurc, the 
chained slriicturai units may siiifl pcrpeailicolarfy to 
tiic grov\ih axis to form a dense Ice stmcture keeping 

It is likely that similar solvated structures may also 
have been present in previous studies [3-10]. The previ- 
ous observations showed that the various fullerene 
nanowhiskers consistently had their growth axes parallel 
to one of the closest-packed directions of fullerene mol- 
ecules with the intermolecular distances around 1 .0 nm 
[3-10]. However, the deviation seems significant from 
specimen to specimen for the lattice plane spacings par- 
allel to the growth axes such as (002) and (111) in the 
fee system. For example, Miyazawa et al. pointed out 
that the lattice constants of fl = --1.0nm and c = 
^2.0 nm repeatedly appeared when a body-centered 
tetragonal structure was well fitted to a fast Fourier- 
transform pattern of a high-resolution TEM image for 
the Cso nanowhiskers [7]. In addition, Fujino et al. sta- 
ted that more than two kinds of crystal structures were 
observed for the C^o nanowhiskers depending on the 
preparation conditions [<S1. Some of these observations 
may in fact be consistent if a similar solvated structure 
as confirmed in the present study is assumed. 

It seems that the solvated structure under TEM in 
vacuum were more stable than that observed by XRD 
in air though Ihc specimens were from the same bottle. 
Probably, the interaction between C(,q molecules was af- 
fected by the irradiation of electron beam [Is] in the sim- 
ilar way as the photochemical polymerization observed 
during the Raman spectroscopic study [16]. If the struc- 
tural change can be frustrated in this way, further appli- 
cations such as adsorbents, catalysts, and membranes 
are expected for these microporous materials. 



4. Summary 

Structural characterizations were carried our for Ceo 
nanowhiskers prepared by the liquid-liquid interfacial 
precipitation method in the Cgo-saturated m-xylene 
and IPA system. TEM observation and XRD measure- 
ment showed that the Cgo nanowhiskers had a hexa- 
gonal structure different from pristine Ceo with cell 
dimensions a = 2.407 nm and c = 1.018 nm. The struc- 
ture of the Ceo nanowhiskers in solution was different 
from that of the solvated structure reported for the 
Ceo nanotubes but similar to that reported for the Ceo 
bulk crystal solvated with m-xylene. XRD measurement 
also showed the structural change into fee in air accom- 
panying the evaporation of solvent molecules. The Ceo 



nanowhiskers prepared using toluene as solvent also 
showed a similar solvated structure, but a more rapid 
structural change into fee was observed. 
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